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Abstract. Gas emmision is one of the problems in power generation systems based coal 
thermal and diesel engine power plant. There significant gas contents of Carbon Monoxide 
(CO), Sulfur Dioxide (SO2), Nitrogen Oxide (NOx) and others resulted from process 
of coal and oil burning. These exhausted gasseous are dangerous to the human health and 
potential to cause air pollution. Therefore, it is very important to have a monitoring device 
for the gas emmision that can be accessed real-time and online through website. The 
electronics design concept is based on the microcontroller ATmega16 performance under 
programming environment of CodeVision AVR V2.03.4 and several utility censors combined 
with Borland C++ program and real-time data management. The proposed design 
works according to the sensor gas detector installed in the exhausted valve of coal thermal 
and diesel engine power plant. Later, the utilization of website facility for information 
media will make it easy and fast in the access of air quality data for environmental monitoring 
purposes. 
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1. Introduction. Good air quality is one of the most important needs for living beings. 
Therefore, the air quality is necessary to be optimally maintained and improved based on 
the standard requirements. However, the recent condition shows the air pollution being 
uncontrollable and worsening due to human activities in industry, transportation or just 
simple from household kitchen. In the electricity industrial sector, power plant powered 
by coal thermal and diesel engine may give significant contribution to the air pollution 
resulting from the exhausted gaseous, such as Carbon Monoxide (CO), Sulfur Dioxide 
(SO2), Nitrogen Oxide (NOx) and dust particle contained heavy metal. Extensive studies 
have been performed to provide design, recruitment, methodology, time activity diary, 
surveys, and quality assurance and control results of the contribution from air pollutants 
to people related to health problems [1]. This could be high challenges behind the great 
benefits of some recent innovations and technology that may contribute to improve the 
air quality. 
Air pollution monitoring and control are totally required in order to maintain the air 
quality in the tolerable and expected limits. In the long term monitoring, data of hourly 
total hydrocarbon in oil and coal mining field for almost 20 years is analyzed to show the 
methane emission [2]. However, although the study is able to show the emission patterns 
 
due to geologic process, the method requires consistently large number of data; therefore, 
the complexity task of analyzing becomes high challenge. The monitoring of specific 
location with optimal sitting station was investigated in [3]. However, the compulsory of 
measurement standard makes the system less flexible in terms of portability and it needs 
extensive study on where the best location for the station is. Related to the pattern and 
feature of the location which is unpredicted, the spatial data is analyzed using space-time 
prediction model based Bayesian maximum entropy and visualization of high dimension 
of data [4]. Again this method, the accuracy outcome is highly depending on the high 
number of the previous data on site. 
In associated with communication network, the utilization of wireless sensor network 
for air pollution monitoring system combined with data aggregation algorithm to improve 
the efficiency of sensor network is implemented [5]. The algorithm is basically to reduce 
the number of data transmitted by transferring the invalid data reading into simpler form. 
The real-time database for environmental monitoring and surveillance based wireless sensor 
network has been conducted by JICA joint research project in Indonesia (2008). The 
project is mainly purposed to detect the water level during earthquake using communication 
media of UHF/VHF and GSM/GPRS. Another successful project developed by 
environmental research group of BPPT in Indonesia to monitor the water quality using 
Online Monitoring Global System Mobile. The proposed system is basically an electronic 
device that consists of sensor, data logger system, data processing system combined with 
the advantage of GSM communication network provided by cellular telephone operator 
[6]. Meanwhile, Martinez et al. have developed network sensor combined with 
communication 
network and computer technology to detect the nature phenomena, such as ice caps 
and glaciers behaviors [7]. Also, Nigel et al. have proposed real-time salinity management 
(RTSM) system in San Joaquin River Basin of California. The monitoring system is also 
working online and real-time by network utilization of UHF/VHF transceiver and GPS 
for mapping system [8]. 
The previous proposed systems are sometimes very large system; therefore, it is not 
easy to move to other locations, requires raw data from the case sites because other 
additional techniques are utilized to process this data and the technology is only available 
for laboratory experiments. In comparison, our proposed design is handy and portable 
gas emission for coal thermal and diesel engine power plant applications with real-time 
performance, capable in storing the measurement data and it is adaptive to different types 
of communication network. In addition, the data transmission can be very flexible due to 
the capability standard of microcontroller, for instance, using simple coaxial cable, GSM 
line or through standard internet connection. 
2. Configuration of Proposed Design. Our approach to the sensor utilization is the 
use of gaseous sensor with high sensitivity to the air pollutant, such as O2, SO2, CO, 
NOx, SO4 gaseous and smoke opacity from the exhausted valve of the plant including 
measuring the air humidity. The mechanism is the gas detection by the sensors will make 
the resistivity of the sensors changes. The difference in resistivity effects automatically 
to the output voltage. It needs the analog-digital converter (ADC) of microcontroller to 
convert the analog voltage of the sensor into digital voltage. The real-time measurement 
results can be monitor through visualization in Liquid Crystal Display (LCD) and computer 
monitor after data processing using microcontroller ATmega16 under programming 
environment of CodeVision AVR V2.03.4. The visualization itself is designed based on 
the combination between programming language of Microsoft Visual Basic ver. 6.0 and 
Borland C++. The designed concept is basically similar to the previous design of Carbon 
Monoxide (CO) gas detector in [9], except to the microcontroller type utilization and 
the inclusion of several gas emission sensors. The schematic diagram of our proposed 
monitoring devices is shown in Figure 1. 
 
Figure 1. Schematic diagram of gas emmision monitoring system 
 
2.1. Gas emmision sensors. The utilization of sensors for gas emmision monitoring 
system located in the exhausted valve of the power plant is rarely found. Several types 
of gas sensor are used, for instance, KE25 for oxigen, MQ136 for SO2, TGS2201 for 
NOx, MQ7 for CO and MQ2 for smoke opacity in the air. The KE 25 is the newest 
series of GS oxigen sensor. The main feature is the stable output signal, operated at 
normal temperature, not affected by other gas contents and not necessary to have the 
external power supply. Meanwhile, the MQ136 sensor is highly sensitive sensor to the 
SO2 gas contents by increasing its conductivity when detecting of increase in the SO2 gas 
concentration. In comparison, the TGS sensor is used to detect the gas from burning oil, 
dominantly by the NOx gas contents. In this sensor type, there are two input voltages, 
heater voltage and circuit voltage. The optimal operation can be determined by heater 
voltage integration to keep sensor at specified temperature level. The other sensor is MQ7 
sensor which has high sensitivity to the CO gas. The MQ7 sensor is the semiconductor 
gas sensor with layer sensitivity combined with heater. The remained one is the MQ2 
sensor which has capability to detect the smoke opacity in the air. The characteristic of 
this sensor is basically similar to the MQ2 sensor, except the chemoresistor principal that 
affects to the conductivity process of the sensor. 
2.2. Microcontroller of ATmega16. This microcontroller type has complete facility, 
fast instruction process and it is supported by Code Vision AVR Evaluation software for 
simulation and compiler. In addition, the Microcontroller of ATmega16 has special feature, 
especially the facility of Analog to Digital converter. This feature is very important to convert 
the analog to digital voltage signals since the sensor output is the analog signal, 
while this signal needs to be processed as digital signal in the microcontroller. The 
microcontroller circuit is designed to control the overall system design. To activate the 
microcontroller of ATmega16, the power source with dc voltage of ±5 Volt is required. 
The clock source of microcontroller is obtained from the connection of crystal oscillator 
between XTAL1 (pin 13) and XTAL2 (pin 12), then grounded through a capacitor. The 
frequency of crystal oscillator in this work is 12 MHz with capasitor value of 20 pF. The 
group of pin A, (PA0-PA7) functions as the input signal to the analog digital converter 
(ADC) from the sensor circuits. The other pins, such as pin C0 (PC0) to C7 (PC7), 
except PC3 are used to the output of Liquid Crystal Display (LCD). Meanwhile, pin 
PB5 (MOSI) to PB7 (SCK) and Reset pin are formed to the downloader connection. In 
addition DB 9 conector is utilized as the serial communication interface. 
2.3. Liquid crystal display (LCD). The liquid crystal display (LCD) is used as the 
display device in our proposed air pollution monitoring system. One of common LCD 
type used is the type of Topway LCD LMB162A. This module is designed with matrix 
of liquid crystal with the internal controller. The controller has special ROM/RAM as 
generator character and RAM for display data. All display functions are controlled by 
set of instructions. The LMB162A is the module of LCD Matrix with configuration of 16 
characters and 2 rows. Each character is formed by pixels of 8 rows and 5 columns, while 
the last pixel with 1 row is the cursor indicator. One of the advantages of using LCD 
is the simplicity of interfacing circuit where unnecessary to have complicated supported 
components. Only one resistor is needed to provide contrast voltage to the LCD matrix. 
In this work, the LCD will give us the indicator value about the air quality in μg/m3. 
The type of LCD is Topway LMB162A. 
2.4. Serial communication interface circuit. It is well-known that serial communication 
interface circuit is the communication gate between the microcontroller and the 
personal computer. The IC serial RS 232 is used as the interface from PC to the external 
device, or viceversa. There are two types of serial data communications: syncronous and 
asyncronous types. In the sycncronous type, the clock and data communication are sent 
together. While not in the asynchronous type, where the data and the clock are generated 
independently both at sending and receiving ends. The IC Serial RS 232 needs connector 
to the external devices. In this part, there are two type standard of connectors; RS 232 
with 25 pin (DB25 connector) dan 9 pin (DB9 connector). In this work, the standard serial 
communication UART with 1 start-bit, 8 data-bit and 1 stop-bit is used. The required 
baudrate is 9600 bps as the sufficient baudrate of computer. In this serial interface, the IC 
MAX232 is needed to convert the digital voltage of serial interface voltage output from the 
standard voltage 0.5 V to ±15 volt in order to maintain the compatibility with serial Port 
standard of computer. The RXD points are the points where the circuit receives serial 
data, while TXD functions to transmit the serial data came from the microcontroller. 
3. Physical Design and Testing Results. The physical design of the gas monitoring 
system in three dimensional views is shown in Figure 2. The cover is made from Aluminum 
plate to protect the electronic circuits laid inside. The outside part presents several utility 
sensors for the gas detection including display to measure the humidity and temperature. 
The sensor measurement results are directly stored in the data logger. To have such 
data can be accessed online; the system must be supported by software design for the 
web implementation and webpage, database design in real-time and server connection 
protocol. 
It is important to have the sensitivity of the sensor during clear and polluted air conditions 
before guaranteeing the proposed hardware design working properly. The sensitivity 
sensor of measurement results is shown in Table 1. In the laboratory experiment, the device 
is tested under clean air condition for every 10 minutes time interval. The voltage 
produced in this measurement is almost constant, means there is almost no voltage difference 
and keeping Rs/Ro unchanged. Meanwhile, the test for polluted air condition is  
 
Figure 2. The physical design of gas emmision monitoring system 
 
conducted in the box which dimension of 1.5m × 1.5m × 2 m for one hour by artificial 
smoke valve from the diesel fuel burning. The voltage results under polluted air condition 
are varied, indicating the Rs/Ro ratio has changed. All results indicated that the sensor 
can respond well to different type of exhausted gas from the valve. 
4. Conclusions. The physical design of gas emission detector based microcontroller 
ATmega16 
performance under programming environment of CodeVision AVR V2.03.4 has 
been demonstrated. Our proposed model is quite simple and has small dimension; therefore, 
it is very easy to remove from one place to others. To verify our results, real-time 
measurement can be monitor through visualization in Liquid Crystal Display (LCD) and 
computer monitor through software design for the web implementation real-time database 
and server connection protocol. The visualization itself is designed based on the combination 
between programming language of Microsoft Visual Basic ver. 6.0 and Borland 
C++. 
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